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BACKGROUND OF THE INVENTION 



The present Invention relates to an optical disk 
and a method of playing back from an optical disk 

FIG 29 is a block diagram showing a convention- s 
al optical disk recording/playback device shown In 
Japanese Patent Kokai Publication 114369/1992 An 
A/D converter 1 converts a video signal, an audio sig- 
nal or the like into digital information. An information 

of X^n 9 mea ? 2 SerVeS 10 COfT1 P ress the output 10 
of the A/D converter 1. A frame sector converting 
means 3 converts the compressed informabon into 
sector information equal in length to a multiple of the 
frame period. An encoder4 encodes the output of the 
frame sector converting means 3. Amodulator 5 mod- 1S 
ulates the output of the encoder 4 into predefined 
modulated codes so as to reduce Interference be- 
tween codes on the recording medium. A laser driver 
6 is for modulating the laser light in accordance with 
the modulated codes. A laser output switch 7 Is driven 20 
by the laser drivers to vary the current supplied to the 
laser in an optical head 8, for emitting laser light 

An actuator 9 is for tracking the emitted light 
beam A traverse or feed motor 10 Is for moving the 
opbcal head 8 in the radial direction of a disk 12 which 2S 
can record information by magneto-optical recording 
or phase-chenge recording. 

A disk motor 11 is driven by a motor driver 1 9 to 
rotate the disk 12. The motor driver 19 is controlled by 
motor controllers 20. A playback amplifier 13 ampli- 30 
f ies the playback signal from the optical head 8 A de- 
modulator 14 demodulates the amplified playback 
signal to obtain data from the recorded, modulated 
signal. A decoder 15 decodes the demodulated sig- 
nal and a frame sector inverse conversion means 16 35 
performs frame sector inversion conversion to re- 
store pure original image data with the addresses and 
parities having been removed. An expanding means 
1 7 expands the compressed information, and a D/A 
converter 18 converts the expanded information into 40 
an analog video or audio signal. 

FIG. 30 shows, in a simplified fomi, the data ar- 
rangement structure (layer structure) of the Moving 
Picture Coding Experts Group (MPEG) system which 
are being standardized in connection with transfer 45 
and storage, in the compressed form, of digital mov- 
ing picture information. In the figure, reference 21 de- 
notes a group of pictures (hereinafter referred to as 
"GOPS-) consisting of Information of a plurality of 
frames, 22 denotes a GOP layer formed of several so 
pictures (screens). 23 denotes slices into which each 
picture is divided, 24 denotes a slice layer formed of 
several macroblocks, 25 denotes a microblock layer 
and 26 denotes a block layer formed of 8 x 8 pixels. ' 

The microblock layer 25 is a block consisting of 8 55 
x 8 pixels, which is the minimum unit of encoding in 
the MPEG system, and discrete cosine transform 
(hereinafter referred to as "DCT") is effected taking 



IrT £ !, S 8 Unit FOUr adjaCent Y 6, '9"a> blocks 
and one Cb blockand one Crblock which correspond 
with regard to position, to the four Y signal blocks i e ' 
sjx blocks in all form a macroblock. Several macro^ 
blocks form a slice. The macroblock is a minimum unit 
for motion compensated prediction, and the motion 
vector for the motion compensated prediction are de- 
termined taking each macroblock as a unit. 

FIG 31 a diagram showing the encoding struc- 
ture for the case where 1 7 pictures form one GOP. In 
the drawing( 27 denotes gn Npjcture wh|ch fe 

.nformat.on for which intra-frame DCT is effected 29 
denotes a P-picture which Is Image Information' for 
which forward motion-compensated DCT encoding Is 
effected using the l-picture or another P-picture (P- 
picture other than the P-picture for which the forward 
motion-compensated DCT encoding is being effect- 
ed) as a reference picture, 28 denotes a B-picture for 
which motion compensated DCT encoding is effected 
using the l-picture and/or P-pictures at preceding and 
succeeding positions, as reference pictures. 
» I! 6 '.; 32 ' S 8 dia 9 ram showing the encoding struc- 
ture for the case where 10 pictures form one GOP, 

hlS f «, ^ 3 d ' a9ram Sh ° Win9 the encodi "9 struc- 
ture for the case where 15 pictures form one GOP 

In the drawings, P-, B- and l-pictures are respec- 
tively represented as "P" or "P-plcture," "B" or "B-pic- 
ture," and "I" or "l-plcture." 

The operation will next be described with refer- 
e "?, to the Swings. With the advancement In the 
digital image Information compression technology it 
is now possible to realize an image filing system 
wh.ch is very convenient to use, by recording the 
compressed information on a disk, with which search 
B much easier than with a VTR with a magnetic tape 
Since such disk file system handles digital informa- 
tion, there is no deterioration due to dubbing, and be- 
cause recording and reproduction is achieved optical- 
ly and there is no direct contact, reliability is high 

Conventionally, an optical disk recorder shown in 
FIG. 29 Is used for recording the digital compressed 
motion information of the MPEG system shown in 
30 - The 'mage information digitized by the A/D 
converter 1 is converted at the information compres- 
sion means 2 into information of a standard compres- 
sion picture system such as an MPEG system The 
compressed information is encoded and modulated 
so that the effects of the Interference between the 
codes on the disk is reduced, and is then recorded on 
a disk 1 2. By making the amount of.data for each GOP 
substantially identical, and. by dividing information 
into sectors having a length equal to a multiple of a 
frame penod, editing and the like, treating each GOP 
as a unit, is possible. 

During playback, the image information repro- 
duced from the optical disk 12 is amplified by the 
playback amplifier 13. and returned into a digital data 
by the demodulator 14 and the decoder, and pure 
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original image data with the -addresses and parities 
having been removed can be restored at the frame 
sector inverse conversion means 16. Furthermore an 
image signal is restored by effecting. MPEG decod- 
ing, for example, at the information expanding means 
17, and Is then converted Into an analog signal by the 
D/A converter 18 so that display on a monitor or the 
like is possible. 

If the MPEG system is used as the digital motion 
compression method as described above, the encod- 
ing structure comprising one or more compressed I- 
pictures 27 by means of intra-f rame DCT, one or more 

!h2? T 2 r?^ h ' Ch ' S f ° rmed ° f ,ma 9 e '"formation 
obtained by DCT encoding with motion compensation 
m the forward direction, and one or more B-pictures 
28 obtained by DCT encoding with motion compensa- 
tion using I- and/or P-pictures positioned In front and 
at the back along the time axis, as reference pictures 
as shown in FIG. 31 to FIG. 33. 

Since an l-plcture Is obtained by intra-frame 
DCT. ,t is possible to effect reproduction of the image 
independently. A P-picture on the other hand is ob- 
tained by forward motion compensation, the repro- 
duction of the Image Is not effected until after the re- 
production of the l-picture. Since the B-picture is ob- 
tained by prediction from both sides, the I- and/or P- 
Plctures must first be reproduced before the B-pic- 
ture. The amount of data Is the smallest and the effi- 
ciency of encoding is the best with the B-picture be- 
cause it is predicted in both directions. 

Because the B-picture Is not reproduced inde- 
pendently, it requires an I- or P-pictures. so that if the 
number of the B-pictures is increased, the capacity of 
the buffermemories must be increased, and the delay 
time from the data input to the image playback is 
lengthened. In a storage media, represented by opti- 
cal disks or the like, an encoding method with a high 
compression efficiency is desired for long-time re- 
cording, the delay in the image playback is not prob- 
ematical. Accordingly, the encoding system showing 
In FIG. 31 to FIG. 33 Is appropriate. 

Now let us consider how the image search and 
fast playback are effected from a disk receding data 
with the encoding structure as described above. If the 
encoding structure is as shown in FIG. 33. and if play- 
back is made extracting l-pictures, fast playback is 
possible. In this case, when an l-picture is repro- 
duced, then a track Jump Is conducted to access the 
next or preceding GOP. and the l-picture therein is re- 
produced. By repeating such an operation, a fast 
playback or reverse playback is realized. The feed 
speed limited to the 15-time speed In the case of FIG. 
33, and 10-time speed in the case of FIG. 32. 

In the actual image search, if the speed is too 
high, it Is difficult to the human eyes to recognize the 
image. For rough recognition, the fast search at a 10- 
time or more speed is appropriate, but for search with 
regard to the details after the rough search, fast play- 



back or reverse playback at several-time speed is 
necessary It is therefore necessary that special play- 
back can be conducted over a wide range, of from 
several tens of time to several times the norm* 
s speed, to permit effective image search. Where the 
compressed data of the MPEG system Is used, and if 
it is attempted to reproduce P-pictures In the encod- 
ing structure of FIG. 31 to FIG. 33. the B-pictures 
portioned before the P-pictures are also read, and it 
10 'sthereforedifficulttoreallzefourtoelghttimespeed 
Since the conventional playback method repro^ 
duce tf, e encoding structure on the disk as it is. spe- 
cie playback can be achieved only by l-pictures, and 
fast and reverse playback can be achieved only at a 
15 speed which corresponds to the number of frames 
contained in one GOP or a multiple thereof. 

Also, with the recording format of the digital Im- 
age shown in connection with the prior art examples, 
l-p.ctures. Pictures and B-pictures are arranged in 

eJS? Ue "f e iI alon9 the time so that the special 
Playback Is limited to the following method 

Particularly, a fundamental method for special 
Playback .n the system for recording digital motion 
Picture image In the prior art performs special play- 
25 back usmg information recorded in the TOC area 
which is at the inner periphery of the disk. In this case 
speaal playback is achieved by reading. In accord 
dance with the head address of the scene change 
(the address of a location where a picture immediate- 
30 ly after the scene change is recorded) or the head ad- 
dress of the image file recorded in the TOC area the 
digital motion picture image of the l-picture stored in 
the address, and reproducing them in turn. 

The operation for reading from the optical disk in 
as such a method is shown in the flowchart of FIG 34 
This flowchart shows the case in which special play- 
back is effected on the basis of the address at the 
head of the scene in the motion picture image infbr- 

reC ° rded the TOC area - First J um P is made 
40 to the TOC aree, and the scene head address is stor- 
ed In the Internal memory, and then Jump Is made to 
the address that has been stored, and the l-picture in 
the GOP to which jump has been made is reproduced 
and displayed, and movement to the next address of 
45 Jump destination is made. Such a sequence of oper- 
ation is repeated. 

With such a method however, a large amount of 
addresses which should be search for (to which Jump 
is destined) need to be stored, and the TOC informa- 
so tion must be rewritten each time recording is made 
Moreover, during special playback, it is neces- 
sary to skip B-picture data for reproducing P-pictures. 
but as the l-pictures, B-pictures and P-pictures are 
recorded on the disk in sequence, waiting time mey 
55 have to be spent before reproducing a P-picture when 
a track jump is conducted. 

Furthermore, the amount of data of the l-picture 
encoded by Intra-frame DCT is larger than the 
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each sub-block is for is recorded in front of each sub- 
block. 

With the above configuration, it is possible to ach- 
ieve high-speed fast playback or reverse playback of 
frequency-divided l-picture data by repeating track s 
Jump through search for the header signal or parity 
signal. That is, the frequency-divided l-picture data of 
a desired low-frequency component can be arbitrarily 
accessed and sequentially reproduced by searching 
for the header signal or parity signal. As a result, it is 10 
not necessary to read all the l-picture data if the re- 
solution of the displayed picture may be sacrificed to 
a certain extent, and the special playback speed mul- 
tiplier is high and yet smoothly moving picture can be 
displayed. Moreover, when zone CAV format disk is is 
used, the rotation waiting time during special play- 
back Is reduced. 

According to another aspect of the invention 
there is provided an optical disk storing digital image 
information in the form of a succession of blocks, 20 
each comprising a plurality of frames comprising, in 
mixture, l-picture data forming image information ob- 
tained by intra-frame DCT encoding, P-picture data 
obtained by DCT encoding with forward motion com- 
pensation, and B-picture data obtained by DCT en- 25 
coding with motion compensation using said I- and/or 
P-picture data positioned In front and at the back 
thereof as references, 

wherein the digital motion picture image infor- 
mation is divided into lower-layer data having smaller 30 
numbers of pixels and lines, and upper-layer data 
which produce, in combination with the lower-layer 
data, an image with larger numbers of pixels and 
lines, and a header or parity signal for Indicating the 
type of the data block is recorded in front of each data 35 
block. 

It may additionally be so arranged that the lower- 
layer data and the upper-layer data are disposed, with 
their order being altered. 

With the above arrangement, the digital motion 40 
picture Image Information can be sequentially repro- 
duced through search for the header or parity signal 
and arbitrarily accessing l-picture data of desired, 
small numbers of pixels and lines. Moreover, it is not 
necessary to read ail the (-picture data during special 45 
playback and yet image can be reproduced, and it is 
therefore possible to increase the special playback 
speed multiplier. 

It may be so arranged that the order of data ar- 
rangement of l- p P- and B-picture data within an im- so 
age information block is different between adjacent 
image information blocks. 

With the above configuration, it is possible to ach- 
ieve high-speed fast playback or reverse playback of 
screen-divided l-picture data by repeating track jump 55 
through search for the header or parity signal record- 
ed in front of each data. 

It may so arranged that identification signal indi- 



cating whether the l-picture data is a screen-divided 
data, a frequency-divided data, or data divided by the 
numbers of pixels and lines is written at the head of 
each image information block. 

With the above configuration, it is possible to 
Identify whether the recorded digital motion picture 
image information is of an l-picture data, frequency- 
divided data, screen-region-divided data, or pixel/li- 
ne-number divided data by finding an identification 
signal written at the head of each image information 
block and identifying the content thereof, and it is 
possible to sequentially reproduce the recorded digi- 
tal motion picture image information. 

It may so arranged that the head positions of the 
digital image information blocks are aligned in the ra- 
dial direction of the optical disk. 

With the above configuration, it is possible to ac- 
curately determine the timings of the track jump, and 
to continuously read special playback data without ro- 
tation waiting time. 

According to another aspect of the invention 
there is provided a method of playing back from an 
optical disk comprising the steps of: 

using an optical disk playback device compris- 
ing a tracking actuator for tracking a scanning spot on 
a predefined track, a tracking control circuit, and a 
track jump circuit for performing jumping scanning, 

using an optical diskaccording to any of claims 
14, 15 and 17, and 

repeating jumping operation on the basis of a 
header or parity signal recorded in front of each l-pic- 
ture data to perform high-speed playback or reverse 
playback. 

With the above method, it is thereby possible to 
perform high-speed playback or reverse playback of 
divided digital image information. 

According to another aspect of the invention, 
there is provided a method of playing back from an 
optical disk, comprising the steps of: 

using an optical disk playback device compris- 
ing a tracking actuatorfor tracking a scanning spot on 
a predefined track, a tracking control circuit, and a 
track jump circuit for performing jumping scanning, 
using an optical disk according to claim 1 9, and 
repeating jumping operation on the basis of an 
identification signal written at the head of each image 
information block to perform high-speed playback or 
reverse playback. 

With the above method, it is possible to identify 
the type of the data of each image information block 
on the basis of an identification signal written at the 
head of each image information block, so thatthe dig- 
ital image information can be reproduced. 

BRIEF DESCRIPTION OF THE DRAWINGS 
In the drawings : - 

FIG. 1 is a block diagram showing the recording 



13 



EP 0 689 355 A2 



14 



system in Embodiment 1; 

FIG. 2A and FIG. 2B are diagrams showing the 
digital motion picture image data recording for- 
mat in Embodiment 1; 

FIG. 3A and FIG. 3B are diagrams showing the 5 
variation of the disk rotational speed during fast 
playback of the image data in Embodiment 1; 
FIG. 4 is a flowchart showing the operation of the 
special playback on the basis of the jump destin- 
ation address written In the video attribute data 10 
in Embodiment 1; 

FIG. 5 is a flowchart showing the operation of 
data reading from the optical disk during special 
playback In Embodiment 1; 

FIG. 6 is a flowchart showing the operation of 15 
reading data from the optical disk in special play- 
back for continuously reproducing I- and P-pic- 
tures in Embodiment 1; 

FIG. 7Ato FIG. 7C are diagrams showing the dig- 
ital image data recording format in Embodiment 20 
2; 

FIG. 8 is a diagram showing the digital image data 
recording format in Embodiment 2; 
FIG. 9 is a diagram showing the digital image data 
recording format in Embodiment 3; 25 
FIG. 10 is a diagram showing the digital image 
data recording format on the disk in the continu- 
ous guide groove system in Embodiment 3 ; 
FIG. 11 is a diagram showing the digital image 
data recording format on the disk in the sample- 30 
servo system in Embodiment 3; 
FIG. 12 is a flowchart showing the reading oper- 
ation of Embodiment 3, in which the disk rotation 
speed is raised during special fast playback; 
FIG. 13A and FIG. 13B show the arrangement of 35 
data in a GOP of digital motion picture image 
data, and the overall data arrangement including 
audio data; 

FIG. 14 shows data arrangement of digital motion 
picture image data recorded on an optical disk in 40 
Embodiment 4; 

FIG. 15 is a block diagram showing a digital mo- 
tion picture image information recording device 
using an optical disk of Embodiment 4; 
FIG. 16 shows data arrangement of screen- 45 
divided l-picture data in a GOP in Embodiment 4; 
FIG. 17 is a flowchart showing the operation of 
Embodiment 4; 

FIG. 18A shows frequency-divided l-picture data 
arrangement in a GOP of Embodiment 5, and the so 
paths of track Jump during playback; 
FIG. 18B shows how the frequency divide l-pic- 
ture data is obtained; 

FIG. 19 shows frequency-divided l-picture data 
arrangement in a GOP of another example of con- 55 
figuration of Embodiment 5, and the paths of 
track jump during playback; 
FIG. 20 shows frequency-divided l-picture data 



arrangement in a GOP of another example of con- 
figuration of Embodiment 5, and the paths of 
track jump during playback; 
FIG. 21 shows frequency-divided l-picture data 
arrangement in a GOP of another example of con- 
figuration of Embodiment 5, and the paths of 
track jump during playback; 
FIG. 22 is a flowchart showing the operation of 
Embodiments; 

FIG. 23 shows data arrangement on an optical 
disk of the zone CAV type of Embodiment 5, 
which is Preformatted in a sample-servo method; 
FIG. 24 shows data arrangement on an optical 
disk of the continuous groove type of Embodi- 
ment 5; 

FIG. 25 is a block diagram showing an example 
of circuit for restoring image from the layered 
data of Embodiment 6; 

FIG. 26 is a block diagram of a digital motion pic- 
ture Image information playback circuit of Em- 
bodiment 6; 

FIG. 27 shows data arrangement of I- and P-pio 
tures in layered form according to the numbers of 
pixels and lines on the optical disk according to 
Embodiment 6; 

FIG. 28 shows data arrangement with only I- pic- 
tures having been layered, on the optical disk ac- 
cording to Embodiment 6; 

FIG. 29 is a block diagram showing the conven- 
tional optical disk recording and playback appa- 
ratus; 

FIG. 30 is a diagram showing the data arrange- 
ment in MPEG system; 

FIG. 31 is a diagram showing the code structure 
in which one GOP is formed of 17 pictures; 
FIG. 32 is a diagram showing the code structure 
in which one GOP is formed of 10 pictures; 
FIG. 33 is a diagram showing the code structure 
in which one GOP is formed of 15 pictures; and 
FIG. 34 is a flowchart showing the operation dur- 
ing special playback conducted on the basis of 
the address stored at the head of scene in digital 
motion picture image information stored in the 
conventional recording format, in the TOCarea at 
the inner periphery of the disk. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiment 1 

FIG. 1 is a block diagram showing a recording 
system of an optical disk device of Embodiment 1 of 
the present invention. In the drawing, an A/D conver- 
ter 30 converts an analog video signal Into a digital 
signal. A motion detector 31 detects the motion vector 
of the digital video signal. Adiscrete cosine transform 
circuit 32 divides the image information into horizon- 
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tal and vertical spatial frequency components. Refer- 
ence numeral 33 denotes an adaptive quantizer, and 
34 denotes an Inverse quantizer. An inverse discrete 
cosine transform circurt 35 restores the image infor- 
mation from the frequency components. 5 
A frame memory 36 stores the image Information as 
reference Images on the basis of the motion vector. 
37 denotes a variable-length encoder, and 38 denotes 
a buffer memory. A format encoder 38 appends the 
address information and attribute data. 10 

A color information comparator 40 compares the 
color information of a picture with color information of 
preceding and/or succeeding picture, and in particu- 
lar compares the color components of each picture 
with color components of preceding and/or succeed- 1 5 
ing picture, used as a reference picture, after motion 
compensation by motion vector detection. A lumi- 
nance information comparator 41 compares lumi- 
nance information of each picture with luminance in- 
formation of the preceding and/or succeeding picture. 20 
A scene change judging circuit 42 judges whether or 
not a scene change is present on the basis of the out- 
puts of the comparators 40 and 41. The members 40, 
41 and 42 form a scene change detector 100. 

A modulating circuit 43 serves to restrain the ef- 25 
feet of the interference between codes, a laser mod- 
ulating circurt 44 is for modulating the laser on the ba- 
sis of the information from the modulating circuit 43. 
A servo circuit 45 performs focus tracking, feed con- 
trol, and disk motor control. Reference numeral 46 30 
denotes a system controller. 

FIG. 2A and FIG. 2B show the recording format of 
digital motion picture image data in Embodiment 1. In 
FIG. 2A, reference numeral 47 denotes wobble pits in 
a sample servo format or a mirror surface part for 35 
track offset correction in a continuous groove system, 
and corresponds to the wobble pits prefbrmatted in 
the optical disk shown in FIG. 11 or a mirror surface 
part provided in the continuous groove shown in FIG. 
10, 48 denotes a zone address for indicating the ad- 40 
dress In the disk of a constant zone angular speed 
(CAV) system, 49 denotes a header indicating the 
head of the video GOP and a video GOP address in- 
dicating the address of the GOP, 50 denotes a video 
attribute data for recording the attribute data of the 45 
video signal, 51 denotes an l-picture header indicat- 
ing the head of an l-picture, and 52 denotes a video 
header formed of the areas 49 to 51. Reference nu- 
meral 53 denotes an l-picture, 54 denotes a second 
l-picture data separated by servo pits or a mirror sur- 50 
face, and 55 denotes a third l-picture data separated 
in the same manner as the second l-picture data 54. 
Reference numeral 56 denotes a P-picture header, 
and 57 and 58 denote P1 -picture data separated in 
the same manner as the second l-picture data 54. 55 

FIG. 2B shows the details of the format recorded 
in the video attribute data 50. Reference numeral 59 
denotes a scalability mode (type of the hierarchy) of 



the digital image data arrangement, 60 denotes the 
number of frames in the GOP, 61 denotes the struc- 
ture within the GOP defining the arrangement of I-, B- 
and P-pictures within the GOP, 62 denotes the struc- 
ture of arrangement and position of the data within 
the l-plcture, 63 denotes attribute data Indicating 
whether the image within the GOP involves panning, 
zooming or scene change, 64 denotes a time code of 
a video area formed of a plurality of GOPs, 65 de- 
notes an address of destination of jump during special 
playback, 66 denotes an audio mode, and 67 denotes 
a still-picture mode, 6B denotes a spare area. 

FIG. 3A and FIG. 3B show how the disk rotation 
speed is varied for fast playback of the image data re- 
corded in the format of FIG. 2Aand FIG. 2B. 

FIG. 4 is a flowchart showing the operation for the 
special playback using the jump destination address 
for the special playback written in the video attribute 
data area at the head of the video GOP. FIG. 5 is a 
flowchart showing the operation for the special play- 
back using the data indicating whether a scene 
change is present or not, written in the video attribute 
data area at the head of the video GOP. FIG. 6 is a 
flowchart showing the operation for the special play- 
back using in which only the I- and P-pictures within 
the GOP are reproduced. 

The operation of Embodiment 1 will next be de- 
scribed with reference to the drawings.. The video sig- 
nal represented by those of the MPEG system, is re- 
corded on a disk after having been digital-video en- 
coded. The analog video signal is first converted into 
digital data at the A/D converter 30, and a motion vec- 
tor is then detected at the motion vector detector 31. 
Three-dimensional compression Is effected by com- 
parison with a reference image, discrete cosine trans- 
formation is effected in the frequency directions (two- 
dimensional directions) at the DCT circuit 32, quanti- 
zation is effected at the adaptive quantizer 33, and 
variable-length encoding is effected. 

The compressed digital motion picture informa- 
tion thus obtained Is passed through the buffer mem- 
ory 38 and the format encoder 39 where address, 
header, attribute data and the like are'added, to be 
thereby given a format suitable for recording on the 
optical disk. Judgment on scene change is made by 
the use of the frame memory 36 connected to the out- 
put of the DCT circuit 35 for comparing successive 
frames, or by the use of the motion vector detector 31 
for detecting a rapid change in the image. 

In particular, an accurate judgment on the scenes 
can be made at the scene change Judging circuit 42 
by comparing chrominance information and lumi- 
nance information separately along the time axis, at 
the chrominance information comparator 40 and the 
luminance information comparator 41, and by com- 
paring the amount of variation and variation speed for 
each picture. 

The output of the scene change judging circuit 42 
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is stored as the presence or absence of a scene 
change in the video attribute data 50 in FIG. 2A and 
FIG. 2B. in the format of FIG. 2A, the video attribute 
data 50 can be used to record, in addition to the pres- 
ence or absence of a scene change, the address of s 
the Jump destination, the structure of the GOP and 
the number of pictures within the GOP. the scalability 
mode, the time code and the like, and special play- 
back or the like can be effected using such attribute 
data. 

FIG. 2A and FIG. 2B show the digital motion pic- 
ture .mage data recording format in which I- and P- 
Pictures are adjacent to each other, and video attri- 
bute data 50 Is disposed at the head of the GOP. At 
the hme of recording, on the basis of the result of the „ 
judgment at the scene change judging circuit 42, the 
presence or absence of a scene change is stored in 
the video attribute data 50 in FIG. 2A, and the address 
of destination of jump during special playback is also 
stored In the video attribute data 50. Since the digital 20 
motion picture image recording circuit is provided 
w. h a buffer memory 38. the recording data is still 
held .n the buffer memory 38 while the image is proc- 
stored 80 tnat fhe i^P destination address can be 

For instance, when the GOP is of such an image 
which does notrequirejump playback(e.g.. itconsists 
of a succession of rapidly moving Images, or stlll- 
picture-like image which is similar to the preceding 
GOP), .nformation that the GOP need not be played 30 
back and should be skipped over Is stored in the at- 
tnbute data, and if the next GOP needs to be played 
back, a flag to that effect is set. The special playback 
is achieved by reproducing only the video attribute 
data 50 in sequence, and playing back the GOPs for 35 
which this flag at the head thereof is set 

Instead of the flag, designation of the jump des- 
tination address may be used. 

In the case of the reverse playback, the buffer 
memory 38 need not have a large capacity, and yet 40 
storage of the Jump destination address and setting 
of the flag indicating whether the preceding GOP 
needs playback can be realized with ease. 

The operation of reading from the optical disk is 
as shown In FIG. 5. First, the address of the head of 45 
the GOP is detected, and then the video attribute data 
50 is read, an l-picture of the GOP is reproduced if a 
scene change Is present, and Jump Is made to a next 
GOP if no scene change is present. In this way, the 
special playback is continued. . ^ 

As shown in the flowchart of FIG. 4, special play- 
back is also possible by reading thejump destination 
address stored in the video attribute data 50. In this 
case, by reading the video attribute data 50, the jump 
destination address is stored, and, on the basis there- 55 
of, an l-picture is reproduced, and a track jump is also 
conducted when the current GOP should be skipped 
over. In this way, the special playback is achieved. 



By the use of the above methods, it is possible to 
ach.eve special playback in which only such GOPs of 
a plurality of GOPs formed on the disk that need to be 
reproduced are reproduced in turn. In these cases 
still p,ctures are successively reproduced or still pic- 
tures at the heads of respective scenes are continu- 
ously reproduced. 

In a special playback in which 1- and P-pictures 
are continuously reproduced, the operation is as 

h^?T JJ'f ' 6 - th ' S CaSe ' « ter the video h««Jer 
is detected, I- and P-pictures are read, and when a B- 

picture header is detected, a track jump is conducted 
to the video head of the next GOP and similar oper- 
ation ,s repeated in the successive GOPs. However 
with this method, the special playback speed multiple 

fnrl , f ° ! he time f0r n ° rmal re P ,a y to the «me 
for fest replay) is limited because the amount of data 
tor 1- and P-pictures in each GOP is large. 

Embodiment 2 
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Embodiment 2 is next described with reference to 
the drawings . FIG. 7 A shows the method of reading 

£5,?^ . ima9e da ' a recorded in «he format 
of FIG. 2A ,s fast-played back by track jump, and FIG 
7B shows the disposition of the video header 52 on 
the disk, and FIG. 7C shows the track jump at the vid- 
eo header. 

In FIG. 8, the order of I- and P-pictures is re- 
versed every GOP. so that l-picture reproduction at 
he time of track jump Is achieved with a shorter ro- 
tation waiting time. In the drawing, reference numeral 
69 denotes an audio header indicating the head of the 
audio signal, 70 denotes audio data, 71 denotes a vld- 
eodata recognition parity for recognition of the head 
of the video data, 72 denotes P2-picture header indi- 
cating the head of the second P-picture, 73 denotes 
P2-picture data. 74 denotes a B-picture header indi- 
cating the head of B-pictures, 75 to 79 denote B1- to 
Bn-picture data, and 80 denotes an end mark indicat- 
ing the end of the GOP. 

In FIG. 9, the positions at which I- and P-picture 
image information is disposed are shifted from one 
GOP to another, so that l-plcture reproduction at the 
time of track jump Is achieved with an even shorterro- 
tahon waiting time. In the drawing, reference numer- 
als 81 to 88 denote B-picture (B5- to B12-picture) 
data. r ' 

The operation of Embodiment 2 will next be de- 
scribed with reference to the drawings. In FIG 7 A. the 
data in the GOP is arranged in the order of I-, P- and 
B-pictures. In this case, special playback is achieved 
by repeating the steps of reading the video header 52 
including the video GOP address 49 and the video at- 
tnbute data 50 shown In FIG. 2A. then reproducing an 
I-picture, and skipping P- and B-pictures. and then re- 
producing an l-picture in the next GOP, and so on. 
In such a case, because the data occupation pro- 
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portion of an (-picture in each GOP is fairly large, and 
the amount of data of an l-picture Is three to five times 
the amount of data of a B-picture, so that even if re- 
production of P- and B-pictures is omitted, the special 
playback efficiency (as a ratio of the amount of data s 
which is not read to the amount of data that Is read 
during special playback) Is not so high, and in addition 
the rotation waiting time is present. As a result, the 
special playback speed multiplier is not high. If how- 
ever one GOP consists of 10 pictures as shown in 10 
FIG. 32 or 15 pictures as shown in FIG. 33, special 
playback at about double or triple speed is possible. 

In order to reduce the rotation waiting time, the 
data arrangement shown in FIG. 8 is conceived. In the 
illustrated data arrangement, the order of I- and P-pic- is 
tures is opposite between adjacent GOPs. In the case 
of FIG. 8, when reproduction of an l-plcture in a first 
GOP is completed, and track jump is effected, then 
reproduction of an l-picture in the next GOP is com- 
menced immediately or after only a certain servo sta- 20 
bllizing period. 

Furthermore, by changing the order of the 1-, P- 
and B-pictures every GOP as shown in FIG. 9, it is 
possible to achieve an arrangement in which l-plc- 
tures can be read continuously for more GOPs. In the 25 
illustrated example, l-pictures can be read continu- 
ously for three GOPs, so that substantially smooth 
special playback by the continuous reproduction of I- 
pictures for the three GOPs is possible. 

By reproducing l-picture data, playback can be 30 
achieved without rotation waiting between GOPs. Ac- 
cordingly, unlike Embodiment 1, smooth continuous 
motion picture special playback is possible. 



Embodiment 3 
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FIG. 10 shows a format arrangement on a disk of 
a continuous groove type in Embodiment 3. FIG. 11 
shows a format arrangement on a disk of a sample 
servo type in Embodiment 3. FIG. 12 is a flowchart 40 
showing the operation of reading data in which the 
disk rotation speed is increased during special play- 
back. 

The operation of Embodiment 3 will next be de- 
scribed. Generally, for the purpose of Increasing the 45 
recording density of an optical disk, constant linear 
velocity (CLV) recording is advantageous over con-' 
stant angular velocity (CAV) recording. However, In 
CLV recording, the head of image data and the dis- 
position on the l-picture on the disk is not fixed, and so 
because in particular the angular position of the l-pic- 
tures is at random, the operation of Embodiment 1 or 
Embodiment 2 is difficult The disk is therefore divid- 
ed into zones, e.g., zones Ato G as illustrated in FIG. 
10 or FIG. 11 ,and the head regions of the GOPs with- 55 
in each zone are made to be aligned in the radial di- 
rection of the disk. 

The linear recording density can be made sub- 



stantially equal between different zones, by varying 
the disk motor rotational speed between different 
zones, or by varying the frequency of the data clock 
during recording and playback. 

But in such a case, the recording capacity per one 
revolution of the disk Is different between different 
zones. It is possible to realize the zone division by 
which the recording capacity per GOP is a multiple of 
the recording capacity per revolution. For instance, it 
may be so set that one GOP is formed of five tracks 
in the innermost zone, while one GOP is formed of 
two tracks in the outermost zone. 

Instead of setting the recording capacity perGOP 
to be a multiple of the recording capacity per revolu- 
tion, it may alternatively be so set that the recording 
capacity per GOP is a multiple of the recording ca- 
pacity per half a revolution. Then, finer zone division 
is possible. If it is so set that the recording capacity 
per GOP is a multiple of the recording capacity per a 
quarter of one revolution, even finer zone division is 
possible. 

In this case, the GOP address in the video infor- 
mation is written immediately after the servo pits 
(wobble pits) in the sample servo type or the mirror 
surface part in the continuous guide groove type, and 
by setting the length of the mirror surface part or the 
wobble pits in which the GOP address is recorded to 
be of a different length from other parts, the sum sig- 
nal (reflection signal) from the optical head can be 
used as an index during search. 

In the system for recording and playing back dig- 
ital motion picture image using an optical disk, such 
as those described above, the special playback can 
be achieved by using track jump as described in con- 
nection with Embodiment 1 and Embodiment 2. It is 
also possible to increase the disk rotation speed dur- 
ing continuous playback in order to further increase 
the overall playback speed. For instance, the disk ro- 
tation speed is doubled, and the data transfer rate is 
doubled, and yet the data reproduction is possible. By 
reproducing I- and- P-pictures only, double speed 
playback can be achieved. 

If the disk rotational speed is increased to four or 
eight times, the data rate is too high, and the data de- 
tection may be impossible. In such a case, while I- 
and P-pictures are reproduced the disk rotational 
speed may be lowered to such a value at which play- 
back is possible, and while B-plctures are reproduced 
the disk rotation speed may be increased, as shown 
in FIG. 3B. 

The operation of the optical disk drive for such a 
playback is as shown in FIG. 12. The operation com- 
prising the following steps is repeated. First, the rota- 
tional speed is increased to n-times, and then the vid- 
eo header is detected to read an l-picture, and Jump 
is made to the next GOP. By disposing an l-picture in 
the video attribute data 50, the disk motor accelera- 
tion region and the deceleration region can be set 
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Embodiment 4 

Embodiment4 of the invention will next be descri- 
bed. FIG. 13Aand FIG. 13B show the data structure 
of the digital motion picture image according to Em- s 
bodlment4. FIG. 13A shows the structure of a GOP, 
FIG. 13B shows the data arrangement of the entire 
GOP including audio data. In the drawings, reference 
numerals 21 to 29 denotes data identical to those de- 
scribed in connection with the prior art example with 1 o 
reference to FIG. 30 to FIG. 33. Reference numeral 

130 denotes a header indicating the head of the data, 

131 denotes an address of each GOP forming a unit 
of editing, 132 denotes attribute data attendant to the 
digital motion picture image data, 133 denotes an au- 15 
dio header indicating the head of audio data 1 34. Ref- 
erence numeral 135 denotes a video header indicat- 
ing the head of video data 136. Reference numeral 

137 denotes a P-picture header indicating the head 
of a P-plcture 29. Reference numeral 138 denotes a 20 
B-picture header indicating the head of a B-picture 
28. In the drawings, P-, B- and l-pictures are respec- 
tively represented as "P-picture," "B-picture," and "I- 
pjcture." 

FIG. 14 shows the details of configuration of the 25 
digital motion picture image data arrangement in Em- 
bodiment 4. Reference numeral 139 denotes wobble 
pits in the sample format or a mirror surface part for 
offset correction in the continuous guide groove type, 

140 denotes a zone address in the optical disk of a 30 
zone constant angular velocity (CAV) rotation system. 

141 denotes a sector address for each sector which 
is a fraction of a GOP, 142 denotes a video GOP ad- 
dress for each video GOP, 143 denotes a video attri- 
bute data attendant to a digital motion picture image, 35 
and 145 denotes an l-picture header indicating the 
head of l-picture data 146. Reference numeral 147 
denotes l-picture ECC (error correction code) record- 
ing the l-picture data error correction code, and 148 
denotes a P-picture header indicating the head of P- 40 
picture data 149. Reference numeral 150 denotes a 
scalability mode, 151 denotes the number of frames 
within the GOP, 152 denotes the GOP structure 
showing the arrangement of I-, B- and P- pictures, and 

the like within the GOP, 153 denotes the arrangement 45 
and position of data within an l-picture, 154 denotes 
detailed attribute data such as presence or absence 
of panning, zooming and scene change, 155 denotes 
a time code, 156 denotes an address of destination 
of jump during special playback, 157 denotes an au- so 
dlo mode, 158 denotes a still picture mode, and 159 
denotes a spare area. 

FIG. 1 5 is a block diagram showing an optical disk 
recording device for use with an optical disk according 
to Embodiment 4. The illustrated recording and play- 55 
back device is identical to that shown in FIG. 1 , except 
that the scene change detector 100 in FIG. 1 is not 
provided. The reference numerals 8, 30 - 39, and 43 



to 46 denote members or components identical to 
those in FIG. 1. 

FIG. 16 shows the structure of details of the part 
where l-picture data is recorded on the optical disk, 
the video header 135 indicates the head of the video 
data in n-th track group, 160 denotes fraction data 
formed of a plurality of slices for the top 1/3 part (from 
the top edge to a first horizontal dividing line 1/3 as 
measured from the top edge of the screen) of the 
screen of the l-picture 27. Reference numeral 162 de- 
notes a fraction data formed of a plurality of slices for 
the middle 1/3 part (from the first horizontal division 
line to a second horizontal dividing line at 2/3 as 
measured from the top edge of the screen) of the I- 
picture27. Reference numeral 164 denotes a fraction 
data formed of a plurality of slices for the bottom 1/3 
part (from the second horizontal dividing line to the 
bottom edge of the screen) of the l-picture 27. Refer- 
ence numeral 161 denotes a sub-header indicating 
the head effraction data 162. Reference numeral 163 
denotes a sub-header indicating the head of fraction 
data 164. Reference numeral 148 denotes a P-picture 
header, 165 denotes a first P-picture data within the 
GOP, and 166 denotes a header Indicating the head 
of a second P-picture data 167. Reference numeral 
168 denotes a header indicating the entirety of each 
of the digital motion picture image of (n+1)-th and 
(n+2)-th track groups, and also indicating the head of 
P-picture data, 169 denotes a header indicating the 
part 160 where the data for the slices 23 in the upper 
1/3 part of the screen of the l-picture 27 is recorded. 

FIG. 17 is a flowchart showing the operation of 
special playback of a motion picture in an optical disk 
device, with a system having a digital motion picture 
image data file structure in which the screen is divid- 
ed in the vertical direction of the screen into fractions, 
each comprising a multiple of slices. 

The operation will next be described. A digital mo- 
tion picture image data usually is formed of a mixture 
of data of I-, B- and P-pictures 27. 28 and 29, as 
shown in FIG. 31 to FIG. 33 In connection with the pri- 
or art example. An l-picture 27 can be reproduced in- 
dependently because two-dimensional compression 
is used. However, P-plctures cannot be reproduced 
until the i-picture Is reproduced, and B-plctures can- 
hot be reproduced until the I- and P-pictures have 
been reproduced. Adata arrangement on the disk that 
Is advantageous from the view point of the signal 
processing is therefore, that I and P-pictures are suc- 
cessively disposed first in the GOP as shown in FIG. 
13B, and B-plctures are thereafter disposed. 

In this case, it is also desirable that the audio data 
is also arranged for each GOP. This enables after-re- 
cording (recording audio signal after video signal) and 
editing. Moreover, with the data structure shown In 
FIG. 13A and FIG. 13B by providing video GOP ad- 
dress 142, headers 145 and 148 indicating the heads 
of I- and P-pictures as shown In FIG. 14, to enabie 



12 



23 EP 0 689 355 A2 24 



editing for each GOP it is possible to extract a [-pic- 
ture data of a single picture alone, or P-picture data 
of a single picture alone. 

By providing a region 143 in which attribute data 
of the digital motion picture image data is written, and 
by providing scalability mode 150 indicating whether 
the hierarchial structure is suitable for use with the 
particular numbers of pixels and lines on the screen, 
the number of frames, 151, within the GOP, the GOP 
structure 152 indicating the arrangement and the like 
of I-, B- and P-picture data within the GOP, the disk 
can be used in conjunction with a variety of signal 
processing systems. By describing the l-picture data 
structure within the GOP structure 152, the arrange- 
ment suitable for the special playback which will be 
described below can also be adopted. 

As has been described, with the format in which 
I- and P-pictures are successively disposed in the 
GOP, it is possible to implement special playback by 
modifying the l-plcturedata structure. In this case, by 
dividing the l-picture data into one-third fractions, 
each comprising an integer number of slices, as 
shown in FIG. 16, and the positions of the file blocks 
corresponding to the respective positions on the 
screen are exchanged between GOPs. Such a data 
arrangement is possible by controlling the buffer 
memory 38 by means of the format encoder 39 in the 
optical disk recording and playback device shown in 
FIG. 15. 

With the file structure shown in FIG. 16, if the 
heads of the GOPs are aligned in the disk radial di- 
rection, it is possible to reproduce image of one pic- 
ture from 3 GOPS, by performing track jump, as illu- 
strated, and adjoining the data for the fractions of I- 
picture. Partial continuous reproduction of l-pictures 
can be achieved with short rotation waiting times, so 
that the speed of the fast playback using i-picture 
data can be made high even though the amount of l- 
picture data is larger than P- and B-pictures. 

Moreover, with the disk format of the zone CAV 
system, GOP head data can be aligned In the disk ra- 
dial direction, if the zone allocation is such that the 
amountof data per GOP is a multiple of one revolution 
or a multiple of half a revolution. 

The operation of the optical disk device during the 
special playback described above is shown in the flow 
chart of FIG. 17. First, when the special playback is 
started, the video GOP address is detected, and the 
time code and the like are displayed on the screen by 
means of a character generator or the like. Next, the 
video attribute data in the GOP is read, and judgment 
as to whether the l-picture is of the divided type. If it 
is of the divided type, the header at the top part of the 
screen of an l-picture is detected, and the data is 
read, and track jump is then performed, and the head- 
er for the central part of the screen is detected and the 
data is read, and jump is again made, and the header 
for the bottom part of the screen is detected and the 



data is read. The fractional data of the l-picture are 
adjoined by the image memory (buffer memory 38 in 
FIG. 1 5). The above operations are repeated until the 
special playback is completed. In this way, fast play- 

5 back and reverse playback can be achieved. 

By application of the Invention, the special play- 
back speed multiplier can be improved even in the 
case of an optical disk of a CLV system. This is be- 
cause the data of the l-pictures b divided and frac- 

10 tions thereof are reproduced, while in the prior art all 
the l-picture data were reproduced. Note in this con- 
nection that the data capacity of an l-picture is much 
larger than the B- and P-pictures, and during special 
playback, an l-picture and then P-pictures are repro- 

15 duced, or only l-pictures are reproduced successive- 

Embodiment 5 

20 FIG. 18Ashows the arrangement structure of the 

digital motion picture Image data In Embodiment 5. 
Reference numerals 171 to 177 denote new file 
blocks which are formed when the block layer 26 is of 
a digital motion picture image in DCT encoding isdiv- 
25 ided with reference to the spatial frequency as shown 
in FIG. 18B. In FIG. 18Aand FIG. 18B, the file struc- 
ture within an l-picture for each GOP is divided into 
groups of respective spatial frequency regions in DCT 
codes, and the disposition is altered from one GOP 
30 to another. The frequency of the respective groups is 
increased in the order of (a) to (g). 

FIG. 19 shows a data structure which is a modi- 
fication of FIG. 18A. The arrangement of I- and P-pic- 
ture data is altered from one GOP to another. In the 
35 drawing, reference numeral 1 80 denotes an l-picture 
header indicating the head of the l-picture data. 

FIG. 20 shows an example in which each GOP 
has four P-pictures. Reference numeral 181 denotes 
a third P-picture header indicating the head of third P- 
40 picture data 178, and 182 denotes a fourth P-picture 
header Indicating the head of fourth P-plcture data 
179. 

. FIG. 21 shows the operation of special playback 
taking account of the rotation waiting with the digital 

45 motion picture image data arrangement shown In 
FIG. 20. FIG. 22 is a flowchart showing the operation 
of the optical disk drive for the case where l-picture 
data Is divided according to the frequency. 

FIG. 23 shows the data arrangement on the opt- 

50 ical disk for the case where the optical disk of a zone 
CAV system is formatted according the sample servo 
system. In the drawing, reference numeral 223 de- 
notes a header and servo pits, 224 denotes a sector 
address, 225 denotes audio data, 226 denotes a sub- 

55 header for the data block (d) to (g) in the l-picture, 227 
denotes l-picture data for the (d) to (g) of the l-picture, 
and 228 denotes a header for the audio data. 

FIG. 24 shows the data arrangement on the opt- 
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ical disk for the continuous guide groove system. In 
the drawing, reference numeral 229 shows a mirror 
surface part for detecting the offset of the tracking 
sensor during tracking in the push-pull method, and 
230 denotes a re-sync byte for the case where a mod- s 
uiatlon system having an Intermittent data structure 
of the 2-7 modulation or 1-7 modulation is used. The 
re-sync byte contains a reference clockfor PLL forthe 
purpose of data detection. 

The operation of Embodiment 5 will next be de- 10 
scribed. In the standard digital motion picture image 
compression system represented by MPEG, JPEG, 
and the like, the data arrangement is obtained 
through division according to the vertical and horizon- 
tal spatial frequencies at the time of DCT encoding of is 
each macroblock 24, and scanning in zig-zag fashion 
as shown in FIG. 18B. For instance, if the 64 DCT en- 
coding data of l-picture data are divided into blocks, 
seven blocks (a) to (g), each consisting of 9 or 1 0 DCT 
encoding data are formed. At the time of data record- 20 
ing, these l-picture data are not arranged taking each 
slice 23 as a unit, but are arranged taking each of the 
blocks (a) to (g) as a unit, as illustrated, and a header 
signal, a parity signal, and the like are added to the 
head of the block forming each of fractions generated 25 
by the division according to the frequency regions, it 
is possible to obtain image during special playback, 
by reproducing the data closer to the DC component 
of the DCT encoding data. In this way, it is not neces- 
sary to reproduce the entirety of each l-picture data 30 
having a relatively large data amount- 
Assume, for instance, that the optical disk has the 
structure of the zone CAV system, and the GOP head 
positions are aligned in the disk radial direction. Byre- 
arranging the data blocks (a) to (g) of an l-picture for 35 
each GOP as shown in FIG. 18A, it is possible to con- 
tinuously reproduce only data block (a) in the l-picture 
data. If, for instance, 

a signal of a rate four times that of the current stan- 
dard CD (compact disk) were recorded at a double lin- 40 
ear density on an optical disk of the current CD size 
(the diameter being 15 cm), the disk rotation speed 
would be changed from 600 rpm to 1200 rpm, and the 
worst rotation waiting time would be the time corre- 
sponding to three pictures. 45 

For this reason, where one GOP is formed of 15 
pictures, and if an l-picture can be read within a time 
for one picture (about 33 msec), It is possible to per- 
form a 1 5-time speed playback in which l-pictures are 
successively reproduced. If a rotation waiting occurs, so 
the time corresponding to three pictures (about 100 
msec.) is wasted per revolution, and the maximum 
playback speed wiil be five time the normal speed. 

If a playback system in which a next GOP is skip- 
ped and an l-plcture In the next-but-one GOP is repro- 55 
duced is employed, to prevent the degradation in the 
special playback speed multiplier, one out of 30 pic- 
tures is displayed, and at the time of 15-time speed, 

14 



the same picture is displayed twice. The motion in the 
displayed motion picture is awkward. Moreover, a 
necessary scene may be missed as the skipping is in- 
creased. 

To prevent the awkwardness and skipping, the 
amount of reproduced data of the l-picture is reduced 
to the extent in which image recognition Is possible. 
That is, only the low-frequency components in the 
DCT encoding are reproduced, for example. More- 
over, position of the low-frequency component is al- 
tered from one GOP to another. In addition, track 
jump is repeated. By these measures, the rotation 
waiting time is shortened. 

Furthermore, If digital motion picture image data 
is recorded as shown in FIG. 19, instead of succes- 
sively reproducing only the data block (a) of an l-pic- 
ture data as shown in FIG. 18A, data blocks (b) and 
(c) of the l-picture data are also reproduced, with the 
result thatfiner image can be reproduced even in spe- 
cial playback. If the positions of the I- and P-pictures 
are exchanged, in addition to the exchange of the 
positions of the data blocks (a) to (c) within the l-pic- 
ture data as shown in FIG. 19, the rotation waiting 
time in special playback is further reduced. In this 
case, every four GO Ps form a group for which contin- 
uous data is obtained, and the fast playback is ach- 
ieved by a succession of such groups each consisting 
of four GO Ps. 

Furthermore, if the number of P-pictures per 
GOP is four as shown in FIG. 20, every two P-pictures 
are made to form a group, and the positions of each 
group and an l-picture are exchanged to achieve fast 
playback in which data blocks (a) to (c) of an l-picture 
data are reproduced. In this case, every six GOPs 
form a group for which continuous data is obtained, 
and the fast playback is achieved by a succession of 
such groups each consisting of six GOPs. 

Where a certain rotation waiting is permitted, and 
if special playback is at a several-time speed, track 
jump as shown in FIG. 21 is performed. If track jump 
is performed as indicated by dotted line, reproduction 
of l-pictures is effected every alternative GOPs (us- 
ing data blocks (a) to (g) of every second GOP), while 
if track jump is performed as indicated by a solid line, 
reproduction of l-pictures is effected every GOP (us- 
ing data blocks (a) to (c) of every GOP). 

As the data arrangement within l-pictures is al- 
tered as shown in FIG. 21, the operation as Indicated 
by the solid line is possible, and finer movement can 
be realizedthan in the case of the dotted line! 

During the : special playback as described above, 
the optical disk drive performs the operation as 
shown in the flowchart of FIG. 22. First, the address 
of the head of the GOP of the digital motion picture 
image data is detected, and the time information such 
as time code, disk address information, or the like is 
displayed on the screen. Then, video attribute data is 
read, and judgement is made as to whether the l-pio- 
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ture data is frequency-divided. If it is frequency-div- 
ided, the head of the low-frequency component of the 
1-picture is detected, and the l-picture low-frequency 
component is read, and a corresponding picture is 
displayed, and track jump over a predetermined num- 5 
ber tracks Is performed. The above operations are re- 
peated until the completion of the special playback. In 
this way, the data of the low-frequency components 
in the DCT encoding of l-pictures is sequentially re- 
produced, and special playback is achieved in this 10 
way. 

In an optical disk having a disk format of a sample 
servo system, if sectors, each formed of a part from 
a header and servo pits 223 to the next header and 
servo pits 223, as shown in FIG. 23, are aligned in a is 
radial direction within each zone, and l-picture data, 
P-picture data, audio data and the like are completed 
over a multiple of sectors of sa id sample servo format, 
the disk structure shown in FIG. 18Ato FIG. 21 is re- 
alized on the disk. 2 o 

In an optical disk having a disk format of a con- 
tinuous guide groove system, it is possible to adopt a 
file structure on the disk as shown in FIG. 24 to pro- 
vide similar effects, i.e., to realize the disk structure 
showninFIG.18AtoFIG.21.lnthiscase,apartfrom 25 
one mirror surface part 229 to another mirror surface 
part 229 form a large file unit. This large file unit can 
be sub-divided by re-sync byte 230 into sub-division 
file units, and l-picture data, P-picture data, audio 
data and the like are made bo be of such a length 30 
which is a multiple of the sub-division file units. In this 
way, it is possible to realize the data structure on the 
disk as shown in FIG. 1 8A to FIG. 21 . 

Description has been made for the case where 
the optical disk is of a zone CAV format. In the case 35 
of CLV format as well, it is possible to improve the 
special playback speed multiplier by frequency-divid- 
ing the l-pictures. 



Embodiments 
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Embodiment 6 of the invention will next be descri- 
bed. 

FIG. 25 is a block diagram showing a decode cir- 
cuit for restoring the image signal of 780 pixels x 480 45 
lines from a layered information, the layered informa- 
tion being obtained by layering digital motion picture 
compressed image Information into compressed In- 
formation corresponding to 780 pixels x 480 lines, and 
compressed information corresponding to 360 pixels so 
x 240 lines. In the drawing, reference numeral 201 de- 
notes a variable-length encoder, 202 denotes an in- 
verse quantizer, 203 denotes an inverse discrete co- 
sine transform circuit, 204 denotes a motion compen- 
sating circuit, 205 denotes a frame memory, and 206 55 
denotes a decoder for restoring the digital motion pic- 
ture compressed image data of the lower layer. 

FIG. 26 is a block diagram showing an optical disk 
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device for decoding the digital motion picture com- 
pressed image information recorded on the optical 
disk, being layered, using the decode circuit shown In 
FIG. 25. In the drawing, reference numeral 207 de- 
notes a playback amplifier for reproducing digital mo- 
tion picture Image information recorded on the optical 
disk, and 208 denotes a data-detection & PLL circuit 
for detecting the data from. the signal from the play- 
back amplifier 207. Reference numeral 209 denotes 
a header detection & data discriminating circuit for de- 
tecting the header signal in the data detected by the 
data detection & PLL circuit 208 and discriminating 
the data. Reference numeral 210 denotes an error 
correction circuit. | 

FIG. 27 is a diagram showing the disposition of 
layered I- and P-picture data on the disk. Reference 
numeral 211 denotes a lower-layer data of an l-pic- 
ture corresponding to digital motion picture image in- 
formation of 360 pixels x 240 lines, 212 denotes an 
upper-layer data of the l-picture which, in combina- 
tion with the lower-layer data 211, form data of 780 
pixels x 480 lines, and 213 denotes a header of the 
upper layer data 212. Reference numeral 214 de- 
notes a lower-layer data of a P-picture, 215 denotes 
an upper-layer data of the P-picture, 217 denotes a 
lower-layer data of a second P-picture, 218 denotes 
an upper-layer data of the second P-picture, 219 de- 
notes denotes a header of the upper-layer data of the 
second P-picture, 220 denotes a header of the upper- 
layer data of the l-picture, 221 denotes a header of 
the upper-layer data of the first P-picture, and 222 de- 
notes a header of the lower-layer data of the second 
P-picture. 

FIG. 28 shows the arrangement, on the disk, of 
data of which only l-picture data is layered. 

The operation of Embodiment 6 will next be de- 
scribed 

In the MPEG system is now established as an in- 
ternational standard, there is a method in which the 
data structure is layered, and divided into a lower-lay- 
er Image data of 360 pixels x 240 lines, and upper-lay- 
er image data which, in combination with the lower- 
layer image data, form data of 780 pixels x 480 lines. 
The upper-layer data and the lower-layer data are 
combined at the decode circuit shown in FIG. 25 to 
form a synthetic picture of 780 pixels x 480 lines 
which is a digital motion picture image information of 
the upper layer. 

Where the I- and P-pictures are layered, the data 
may be arranged on the disk as shown in FIG. 27. The 
upper-layer and lower-layer data of the I- and P-pic- 
tures are disposed, being separated by headers and 
the like, and the positions of the I- and P-pictures are 
altered from one GOP to another. In this way P at the 
time of special playback, track jump is performed, 
and only the lower-layer data of the l-picture is con- 
tinuously read. 

Moreover, it is also possible to layer the l-pictures 
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l-and P-pictures within each image information 
block are disposed adjacent to each other, and 
the order of data arrangement of the l- f P- and B- 
pictures is different from one image information 
5 block to another image information block. 

5. An optical disk according to claim 1 , wherein the 
area within the optical disk is divided into a plur- 
ality of zones for respective radius ranges, the 

10 scanning linear velocities in different zones being 

substantially equal to each other, address data 
and. a header signal being preformatted at the 
head of each of the Image information blocks, 
and the number of data bits for each of the image 

15 information blocks being identical between the 

image information blocks, and the data recording 
bit length of the image Information block within 
each sector being a multiple of the circumferen- 
tial length of the track on the disk. 

20 

6. An optical disk according to claim 5, wherein a 
mirror-surface part for track offset detection is 
provided for each of the image information 
blocks. 

25 



only, to thereby simplify the configuration. In this 
case as well, the positions of the l-picture data and P- 
picture data may be altered from one GOP to another, 
to enable continuous reading of the l-picture lower- 
layer data. Generally, the amount of l-picture data oc- 
cupies a larger area In the GOP, so that If It Is attempt- 
ed to read al! the data, the speed multiplier of the spe- 
cial playback cannot be made high. By reading only 
the lower-layer data of I- and P-pictures, the special 
playback speed multiplier can be made high, and the 
number of frames forming the special playback pic- 
ture can be increased so as to make the motion 
smooth. 

FIG. 26 is a block diagram showing the optical 
disk recording and playing back device which can re- 
store layered data. The playback signal from the opt- 
ical disk that has been amplified by the playback am- 
plifier 207 is detected as data by the data detector 

208, and divided into the upper-layer data and lower- 
layer data at the header detector/data discriminator 

209. The discriminated data is error-corrected at the 
error correction circuit 210, and input into a layered- 
data decode circuit similar to that shown in FIG. 25, 
to achieve reproduction of Image. With the lower-lay- 
er data alone, only the image of 360 pixels x 240 lines 
can be obtained. 



Claims 

1. An optical disk recording digital image informa- 
tion in the form of a succession of image informa- 
tion blocks, each comprising l-picture data of an 
l-picture obtained by intra-frame DCT encoding, 
P-picture data of one or more P-pictures obtained 35 
by DCTencoding with forward motion compensa- 
tion, and B-picture data of B- pictures obtained by 
DCT encoding with motion compensation using 

the data of the I- and/or P-pictures positioned in 
front and at the back thereof as reference pic- 40 
tures, 

wherein an address format is preformatted 
in front of the block of image information of said 
plurality of frames, and the data arrangement 
within each image Information blocks is such that 45 
I- and P-pictures are collectively disposed. 

2. An optical disk according to claim 1 , wherein a 
parity signal or header signal for recognition is re- 
corded at the head of the l-picture. so 

3. An optical disk according to claim 1 , wherein the 
orderof data arrangement of the I- and P-pictures 
within each of the image information blocks is dif- 
ferent from one image information block to an- 55 
other image information block. 



7. An optical disk recording digital image informa- 
tion in the form of a succession of image Informa- 
tion blocks, each comprising l-picture data of an 
l-picture obtained by intra-frame DCT encoding, 
P-picture data of one or more P-pictures obtained 
by DCT encoding with forward motion compensa- 
tion, and B-picture data of B-pictures obtained by 
DCT encoding with motion compensation using 
the data of the I- and/or P-pictures positioned in 
front and at the back thereof as reference pic- 
tures, 

wherein an address data preformatted in 
front of the respective image information blocks 
(or image files) are aligned on a straight line ex- 
tending in the radial direction. 

8. An optical disk recording digital image informa- 
tion in the form of a succession of image informa- 
tion blocks, each comprising l-plcture data of an 
l-picture obtained by intra-frame DCT encoding, 
P-picture data of one or more P-pictures obtained 
by DCTencoding with forward motion compensa- 
tion, and B-plcture data of B-plctures obtained by 
DCT encoding with motion compensation using 
the data of the I- and/or P-pictures positioned in 
front and at the back thereof as reference pic- 
tures, 

wherein a jump destination address for 
special playback is recorded in the attribute data 
recording area at the head of each of the image 
information blocks. 



4. An optical disk according to claim 1, wherein the 9. An optical disk recording digital image informa- 
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tion in the form of a succession of image informa- 
tion blocks, each comprising l-picture data of an 
l-pfcture obtained by Intra-frame DCT encoding, 
P-picture data of one or more P-pictures obtained 
by DCTencoding with forward motion compensa- s 
Hon, and B- picture data of B-pictu res obtained by 
DCT encoding with motion compensation using 
the data of the I- and/or P-pictures positioned in 
front and at the back thereof as reference pic- 
tures, 1Q 

wherein presence/absence of scene 
change detected from the temporal change in the 
luminance or chrominance information of the im- 
age is recorded in the attribute data recording 
area at the head of each of the image information 1 s 
blocks. 

10. A method of playing back an optical disk record- 
ing digital image information in the form of a suc- 
cession of image information blocks, each com- 20 
prising l-plcture data of an l-picture obtained by 
intra-frame DCTencoding, P-picture data of one 
or more P-pictures obtained by DCT encoding 
with forward motion compensation, and B-pic- 
ture data of B-pictures obtained by DCT encoding 25 
with motion compensation using said I- and/or P- 
pictures positioned in front and at the back there- 
of as reference pictures, 

said method comprising the steps of: 

playing back an l-picture through search 30 
and identification by reference to the parity signal 
or the header signal within the image information 
block on the optical disk; 

reproducing the l-picture in the next image 
information block; and 3S 

repeating the above operations to perform 
fast playback or reverse playback. 

11. A method of playing back an optical disk record- 
ing digital image information in the form of a sue- 40 
cession of Image Information blocks, each com- 
prising l-picture data of an l-picture obtained by 
intra-frame DCT encoding, P-picture data of one 
or more P-plctures obtained by DCT encoding 
with forward motion compensation, and B-pic- 45 
ture data of B-pict ures obtained by DCT encoding 
with motion compensation using said I- and/or P- 
plctures positioned In front and at the back there- 
of as references, 

said method comprising the steps of: 50 

playing back the l-pictune data through 
search and Identification by reference to the par- 
ity signal orthe header signal within the image in- 
formation block on the optical disk; 

then playing back the P-picture data of a 55 
plurality of P-pictures successively; 

conducting a track jump; 

reproducing the l-picture data in the next 
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image information block; 

then playing back the P-picture data of a 
plurality of P-pictures successively; and 

repeating the above operations to perform 
fast playback or reverse playback. 

12. A method of playing back an optical disk wherein 
the rotational speed of the optical disk during fast 
playback or reverse playback of motion picture 
Image Is higher than the rotational speed of the 
optical disk during normal playback. 

13. A method of playing back an optical disk wherein 
the rotational speed of the optical disk is raised 
in the region in which no data which need to be 
read during fast playback or reverse playback of 
a motion picture image is recorded, and is low- 
ered to the linear velocity at which reproduction 
of data is possible, in the region in which l-and/or 
P-plcture data is recorded. 

14. An optical disk recording digital image informa- 
tion in the form of a succession of image informa- 
tion blocks, each comprising l-picture data of an 
l-picture obtained by intra-frame DCT encoding, 
P-picture data of one or more P-pictures obtained 
by DCT encoding with forward motion compensa- 
tion, and B-picture data of B-pictures obtained by 
DCT encoding with motion compensation using 
the data of the I- and/or P-pictures positioned in 
front and at the back thereof as reference pic- 
tures, 

wherein said l-picture data is divided into 
fractional l-picture data for a plurality of regions 
into which a display screen is divided, and the 
fractional l-picture data are arranged in said im- 
age information block, and a header or parity sig- 
nal is recorded in front of each fractional l-plcture 
data. 

15. An optical disk in which DCT-encoded l-picture 
data is allocated into a plurality of sub-blocks ac- 
cording to the horizontal and vertical frequencies, 
from the DC components to the high-frequency 
components, sub-blocks of I- , P- and/or B-picture 
data in the adjacent image information blocks in 
the adjacent tracks are disposed with their order 
being altered, and a header or parity signal Indi- 
cating which of the frequency components the 
content of each sub-block is for is recorded in 
front of each sub-block. 

16. An optical disk according to claim 15, in which 
DCT-encoded l-picture data is allocated into a 
plurality of sub-blocks according to the horizontal 
and vertical frequencies, from the DC compo- 
nents to the high-frequency components, the fre- 
quency-divided l-plcture data within the adjacent 
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image information blocks in the adjacent tracks 
are disposed differently, and a header or parity 
signal indicating which of the frequency compo- 
nents the content of each sub-block is for is re- 
corded in front of each sub-block. 5 

1 7. An optical disk storing digital Image information in 
the form of a succession of blocks, each compris- 
ing a plurality of frames comprising, in mixture, I- 
picture data forming image information obtained 10 
by intra-f rame DCT encoding, P-picture data ob- 
tained by DCT encoding with forward motion 
compensation, and B-plcture data obtained by 
DCT encoding with motion compensation using 
said I- and/or P-picture data positioned in front 15 
and at the back thereof as references, 

wherein the digital motion picture Image 
information is divided into lower-layer data having 
smaller numbers of pixels and lines, and upper- 
layer data which produce, In combination with the 20 
lower-layer data, an image with larger numbers of 
pixels and lines, and a header or parity signal for 
indicating the type of the data block is recorded 
in front of each data block. 

25 

18. An optical disk according to any of claims 14, 15 
and 17, wherein the order of data arrangement of 
I-, P- and B-plcture data within an image informa- 
tion block is different between adjacent image in- 
formation blocks. 30 

19. An optical disk according to any of claims 14, 15 
and 17, wherein identification signal indicating 
whether the l-picture data is a screen-divided 
data, a frequency-divided data, or data divided by 35 
the numbers of pixels and lines is written at the 
head of each image information block. 



20. An optical disk according to any of claims 14, 15 
and 17, wherein the head positions of the digital 
Image Information blocks are aligned In the radial 
direction of the optical disk. 
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21. A method of playing back from an optical disk 

comprising the steps of: 45 

using an optical disk playback device com- 
prising a tracking actuator for tracking a scanning 
spot on a predefined track, a tracking control cir- 
cuit, and a track jump circuit for performing jump- 
ing scanning, 50 

using an optical disk according to any of 
claims 1 4, 1 5 and 1 7, and 

repeating jumping operation on the basis 
of a header or parity signal recorded in front of 
each l-picture data to perform high-speed play- 55 
back or reverse playback. 



22. A method of playing back from an optical disk, 



comprising the steps of: 

using an optical disk playback device com- 
prising a tracking actuatorfor tracking a scanning 
spot on a predefined track, a tracking control cir- 
cuit and a track jump circuit for performing jump- 
ing scanning, 

using an optical disk according to claim 19, 
and repeating jumping operation on the basis of 
an identification signal written at the head of 
each image information block to perform high- 
speed playback or reverse playback. 

23. A moving digital recording device having motion 
pictures recorded thereon as a succession of in- 
formation blocks, each said information block 
comprising image data and non-image data, 
characterised in that said non-image data com- 
prises control data portions identifying selected 
parts of said image data which are to be sequen- 
tially replayed during special playback. 

24. A moving digital recording device according to 
claim 23 wherein said selected parts are identi- 
fied by control data portions located in the same 
information blocks. 

25. A moving digital recording device according to 
claim 23 wherein said selected parts are identi- 
fied by control data portions located in different 
information blocks. 

26. A moving .digital recording device according to 
claim 23 wherein said selected parts are derived 
from only a portion of the image data within an in- 
formation block. 

27. A moving digital recording device according to 
any of claims 23-26 wherein said non-image data 
further comprises address data for each informa- 
tion block. 

28. A moving digital recording device having motion 
pictures recorded thereon as a succession of in- 
formation blocks, each said information block 
comprising first picture data, second picture data 
obtained by prediction from said first picture 
data, and third picture data obtained by prediction 
from both said first picture data and said second 
picture data, characterised in that the data is ar- 
ranged within an information block such that said 
first picture data and said second picture data 
can be read sequentially without said third picture 
data being read. 

29. A moving digital recording device having motion 
pictures recorded thereon as a succession of in- 
formation blocks, each said information block 
comprising first picture data and second picture 
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data obtained by prediction from said first picture 
data, characterised in that the order of arrange- 
ment of said first and second picture data Is dif- 
ferent between adjacent information blocks. 

5 

30. A method of replaying In special playback a mov- 
ing digital recording device, said recording device 
having motion pictures recorded thereon as a 
succession of information blocks, each said infor- 
mation block comprising image data and non-lm- 10 
age data and said non-image data comprising 
control data portions, comprising selecting parts 

of said image data for special playback according 
to a sequence determined by said control data 
portions. 15 

31. A method according to claim 10 or 11, further 
comprising the step of using an optical head hav- 
ing a rough actuator for accessing to a desired 
position, and a fine actuator for Jumping to a de- 20 
sired track at the inner or outer periphery of the 
optical disk. 
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